A study was conducted to identify the composition of volatile compounds from traditional fermented shrimp called 'terasi'. Terasi samples were collected from six regions of northern coast of Central Java, Indonesia namely Pekalongan, Batang, Kendal, Demak, Jepara, and Pati. Mass spectral interpretation showed that terasi from these regions could be identified to contain a total of 102 volatile compounds. Terasi from Pekalongan, Batang, Kendal, Demak, Jepara, and Pati, each contained nine, 21, 10, 29, 12, and 21 volatile compounds respectively. There were four similar volatile compounds from Demak, Jepara, and Pati samples, and two distinctive off odor in all six regions.
INTRODUCTION
Fermented shrimp or shrimp paste well known as terasi is one of traditional processing of fishery products in Indonesia. Terasi is made from fermented shrimp with or without salt addition. However fish or a mixture of shrimp and fish can also be used depending on the availability or season. Terasi has reddish brown to blackish brown color depending on the raw materials and the naturally occuring microbes which involve during fermentation. Fresh terasi has a strong distinctive smell or odor which upon heating or cooking terasi releases volatile compounds. Exposure to such food odor produces appetizing response which can promote food intake [1, 2] . Terasi has been used for centuries as a flavor enhancer in many kinds of dishes and the released odor produce appetite for consuming the associated terasi flavored foods which can lead to satiety. Therefore terasi has been playing significant role in ensuring adequate food intake for centuries. Terasi from different production regions have similar but not the same odor as a result of processing variety such as length of sun exposure for drying and of fermentation time. It is the aim of this study to identify terasi volatile compounds produced at the centre of traditional terasi production in northern coast of Central Java i.e. Pekalongan, Batang, Kendal, Demak, Jepara, and Pati.
EXPERIMENTAL
Terasi were collected from six regions in the northern coast of Central Java namely Demak Jepara, Pati (Juwana), Pekalongan, Batang and Kendal. Terasi was collected from traditional small scale producers. Extraction of volatile compounds was carried out by mixing terasi sample with distilled water (1:5) and placed in Lickens-Nickerson apparatus. An internal standard of 0.1 mL was added. The sample was heated in a boiling water bath for 2 h after which it was extracted with 50 mL of diethyl ether at 40 °C. After extraction the remaining water was eliminated by addition of sodium sulphate anhydrous [3] .
The extract was concentrated using Vigreux column to obtain 1 mL volume [4] . Finally it was further concentrated by nitrogen gas to obtain a final volume of 0.1 mL to 0.2 mL and 0.1 µL was injected into GC-MS (Hewlett Packard). GC-MS was equipped with an HPWax column of 30 mm long, 0.25 mm diameter, and 2.56 mm thickness. Helium as the gas carrier was flowed at 1 mm min -1 at 3 bar (1 bar = 100 000 Pa) The interface and injection temperature was 230 °C. Temperature program was set at initial temperature of 70 °C for 1 min and 10 °C per min increase until the final temperature of 230 °C was achieved. The electron energy of mass spectrometry was 1.2 kV, Mr range of 33 to 400, and 0.5 second interval [5] . Mass Spectral Interpretation was done with the aid of a computer program to compare the patterns of mass spectra of compounds with a pattern of mass spectra in the National Institute of Standards and Technology mass spectra library collection. The collection has more than 62 000 patterns of mass spectra [6] .
RESULTS AND DISCUSSION
The chromatogram of GC-MS results were identified based on the retention time and the area of the peaks. Mass spectral interpretation of the peaks were identified by comparing them to pattern of mass spectra in the NIST mass spectra library collection. Table 1 showed the results of each class of volatile compounds in each sampling location. Terasi from Demak, Jepara, Pati, Pekalongan, Batang and Kendal could be identified to contain a total of 102 volatile compounds. The identified volatiles can be grouped into hydrocarbon, carbonyls, sulfur, alcohols, nitrogens, fatty acid, and ester compounds which showed similarities with others studying volatiles chemicals of shrimp or fish paste [7] [8] [9] Terasi from Demak, Jepara, Pati, Pekalongan, Batang and Kendal each contained 29, 12, 21, nine, 21, and 10 volatile compounds, respectively. Terasi from Demak showed 10 hydrocarbon, four carbonyls, one sulphur, seven alcohols, five nitrogens, a fatty acid, and an ester. Terasi from Jepara showed four hydrocarbon, a sulphur, two alcohols, two nitrogen, two fatty acids, and an ester compounds. Terasi from Pati showed seven hydrocarbons, a carbonyl, two sulphurs, four alcohols, five nitrogens, and a fatty acid compounds. Terasi from Pekalongan showed four hydrocarbon, one carbonyls, three alcohols, and a nitrogen compounds.
Terasi from Batang showed four hydrocarbon, three carbonyls, two sulfur, five alcohols, five nitrogen, a fatty acid, and an ester compounds. Terasi from Kendal showed two hydrocarbon, a carbonyl, three alcohols, three nitrogen, and a fatty acid compounds. Terasi from Demak, Jepara, and Pati showed four same volatile compounds i.e hexadecane, 1,11-dodecadiene, dimethyl trisulfide, and indole, while Terasi from Pekalongan, Batang and Kendal showed three same compounds i.e Hexadecane, phenols, and indoles. The hexadecane and indole which give terasi off odor consistently found in samples from the six regions. 
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(continued on the next page) Figure 2 shows that the largest total peak area of hexadecane was found in sample from Pekalongan. Hexadecane was formed during fermentation in which lipids were oxidized into fatty acids by microbial activities. Fatty acids were subsequently converted into other compounds one of which is a hydrocarbon The highest total percentage area of carbonyl compounds was found in samples from Kendal (23.45 %). Carbonyl compounds were also derived from lipid oxidation by microbial activities which produced distinctive scent of fermented shrimp. Carbonyl compounds could also be produced by non-enzymatic browning due to astaxanthin, the red pigment found in shrimp as the raw material. The pigments changed to brown color upon heating such as sun drying. Non-enzymatic browning enhanced the aroma and taste of a product. In samples from Jepara no carbonyl compounds were detected. Sulphur compounds in shrimp paste was produced by enzymatic or heat protein degradation. The same sulfur compounds detected from samples of Demak, Jepara, Pati and Batang were dimethyl trisulphide, while none was detected in samples from Pekalongan and Kendal. In general, sulphur compounds of shrimp paste was very small, however they are quite strong and important. This was due to small threshold of sulphur compounds compared to the threshold of other volatile compounds [10] . The presence of sulfur compounds in shrimp paste gave the distinctive strong aroma of the product and therefore the strongest aroma of Terasi was found in samples from Pati.
Alcohols identified from Pekalongan terasi samples had the greatest percentage peak area compared to five other locations. Phenol were the same alcohols found in five locations. Phenol could be produced by lipids oxidation, sugar, and protein degradation. Protein degradation produced amino acids and peptides which were further broken down into other components such as hydrocarbons, esters and alcohols [10] .
Indole as nitrogen compound identified in terasi samples from the six locations is an interesting volatile compound. It is interesting as it also found in jasmine and pork liver. Indoles in high concentration is well known as a typical off odor associated with putrefaction or fecal contamination, however no E. coli was found in all samples [11] . In contrast, when indole was combined in a very low concentration with other flowery chemical odor such as jasmine it would give depth to the existing aromas [10] . Nitrogen compounds was produced from the breakdown product of protein by the action of proteolitic bacteria during fermentation or the reaction of ammonia or amino acids with reducing sugars [9, 11] . The highest total percentage area of nitrogen compounds was found from Batang and the smallest from Pekalongan. So samples from Batang would have stronger odor compared to samples from five other regions.
Fatty acid compounds were not found from Pekalongan samples. The largest total percentage area of fatty acid compounds were found from Jepara samples. Fatty acid compounds were produced from microbial enzymatic degradation of lipid [12] . The volatile fatty acids often lead to acidity in the aroma of terasi. Therefore terasi from Jepara has the most acidic odor compared with the other five regions.
Ester compounds in Terasi samples from Pati, Pekalongan, and Kendal were not found. The largest total percentage area of ester compounds in Terasi was found from Batang and the smallest one was found from Demak. Ester compounds was produced by the reaction between alcohol and a carboxylic acid salt which was catalyzed by esterase released by microbial fermentation.
The processing steps in traditional terasi making was in principle the same. Shrimp was washed and sun dried for a day or more depending on the sun light intensity. The dry shrimps were pounded manually and salt could be added, mixed, and dried further. In the afternoon when the sun has already set, the dried shrimp was kept indoor. The next day, it was pounded again and sun dried. After alternate sun drying and pounding, the product was molded and wrapped in banana leaves or plastic and kept for several days or more or even up to 4 wk to let fermentation takes place. The final product was named terasi or known as shrimp paste. The product from each region showed variation on the number and peak area of volatile compounds. The three regions were located at the eastern part of Central Java and 3 others at western part ( Figure 1) . The locations have different ecological setting so that shrimps catch in those regions could have different characteristics.
This combines with different processing namely length of sun drying, quantity of added salts, and length of fermentation time would give different fermentation process which consequently produces different microbial and enzymatic activities. These together would produce different degree of degradation products which contributed to different degree of volatile compounds typical of each region. We had record of processing procedure of terasi samples from three regions i.e Pekalongan, Batang, Kendal. The processing of sample from Pekalongan, Batang and Kendal were basically the same as described previously. However, terasi made in Pekalongan was added with salt and food color, Batang without added salt, and Kendal was also added with salt but no color. Together with the previous results which showed that terasi from Batang had higher number of total volatile compounds (21) compared to Pekalongan (9) and Kendal (10), this was more likely related to the processing without added salt. Shrimp paste processing (fermentation) with no salt produced a higher number of volatile compounds compared to processing with salt addition. This possibility was corroborated by previously developed study regarding proteolytic bacteria [10] . It was found that maximal growth of mesophylic proteolytic bacteria from terasi was found at zero (0) concentration of salt.
Terasi either fresh or briefly heated before or after mixing with other ingredients can release their volatiles which give an appetizing effect from the aromas. The sense of smell or termed olfactory sensation occurs when odorant molecules bind to specific scent receptors in our nasal cavity. The receptors can detect thousands of volatile chemicals. Volatile chemical odorants found in this study may all bind to the scent receptors simultaneously and send olfactory sensations which produced appetite for the associated food intake. Food intake stimulates not only retronasal olfactory sensation but also the taste buds receptors found in mouth and gastro-intestine which ultimately send signals to brain and produce satiety [13] . For centuries, terasi has been used in various dishes and cooking, and most often mixed with chili, garlic, a pinch of salt, and palm sugar to yield a well known dish called Sambal. Sambal is a appetizing food which accompanying rice and other complementary food such as Tempe which therefore usually increase food intake and produce satiety.
CONCLUSION
Volatiles compounds of terasi from six regions of nothern coast of Central Java belongs to hydrocarbons, carbonyls, sulphur, alcohols, nitrogen, fatty acids, and esters. The combined number, types, and concentration of the volatile compounds are different from each region and produced distinctivesignature smell of the product.
